Research on the number of resected lymph nodes (LNs) in the cases of node-negative oesophageal squamous cell carcinoma (ESCC) is inadequate. This study was designed to analyse the prognostic impact of the number of resected LNs on node-negative ESCC.
INTRODUCTION
Oesophageal cancer ranks sixth worldwide among the causes of malignancy-related mortality [1] , with a high incidence in both developing and developed regions [2] . China has almost half the total cases and also the highest mortality rate, with oesophageal squamous cell carcinoma (ESCC) accounting for >95% of the total oesophageal cancer cases [3] .
In the past decade, the impact of the number of resected lymph nodes (LNs) or the ratio between metastatic nodes and total resected nodes on the survival of patients with oesophageal cancer has been reported in many studies [4] [5] [6] . The seventh edition of the American Joint Committee on Cancer (AJCC) staging system emphasized the number of resected LNs and incorporated this into ESCC staging [7] . However, the minimum number of LNs requiring resection and its prognostic effect on used for staging. Patients who had received neoadjuvant chemotherapy or radiotherapy were excluded.
Clinical and pathological data were extracted from medical records. Baseline data included age, gender, smoking, alcohol consumption, family history, surgical technique and biological tumour features. Tumours were staged according to the AJCC Staging Manual, sixth edition. For non-surviving patients, cancerspecific survival (CSS) was defined as the number of days from surgery to death caused by ESCC. For surviving patients, CSS was defined as the number of days from surgery to the date of the most recent follow-up visit. Cancer-specific survival data were collected from follow-up records and verified by a special follow-up group.
Statistical analysis
On the basis of the distribution of the number of LNs resected during surgery, patients were classified into three groups: ≤8, 9-15 and ≥16. Analyses were conducted using SPSS version 16.0 (IBM, SPSS, Inc., Chicago, IL, USA). Differences in the distribution of gender, infiltration depth, tumour location, surgical method, tumour differentiation, pathological stage and surgical method were tested by the two-tailed Kruskal-Wallis H test. CSS rates (3-and 5-year survival rates) were used to compare postoperative survival status. Kaplan-Meier and log-rank tests were used to compare CSS for patients in the three groups. Cox regression and multivariate analyses were adopted to analyse the potential factors related to postoperative survival.
RESULTS
A total of 666 patients were finally enrolled in this study, and the results of the analysis are presented below.
Distribution of patients grouped by the number of resected negative LNs
Patients with ≤8, 9-15 and ≥16 LNs resected during surgery represented 55.4, 31.5 and 13.1% of the study cohort, respectively. The mean age of the entire cohort was 55 years. Baseline patient characteristics according to the number of negative LNs are summarized in Table 1 . Overall, there were no significant differences with regard to the distribution of gender, smoking history, family history, tumour location, surgical method, tumour differentiation, pathological category and pathological stage. Only surgical method (P = 0.01) and history of alcohol consumption (P = 0.02) showed significant differences.
Unadjusted analysis for the entire cohort
Unadjusted analysis for the entire cohort demonstrated that a greater number of resected LNs was associated with a higher CSS rate among the ESCC patients (Fig. 1) . Three-and 5-year survival rates were 67.8 and 59.8%, respectively, for patients with ≥16 resected negative LNs, 64.8 and 53.8%, respectively, for patients with 9-15 resected negative LNs and 55.3 and 43.6%, respectively, for patients with ≤8 negative LNs resected.
Multivariate analysis
The results of multivariate Cox regression analysis (Table 2) indicated that the number of resected LNs [relative risk (RR) = 1.0, P < 0.01, 95% confidence interval (CI) 1.0-1.0], age (RR = 1.0, P < 0.01, 95% CI 1.0-1.0), smoking history (RR = 1.5, P < 0.01, 95% CI 1.2-2.0), history of alcohol consumption (RR = 1.7, P = < 0.01, 95% CI 1.3-2.3) and pathological stage (RR = 1.3, P < 0.01, 95% CI 1.1-1.6) were independent prognostic factors for survival in the patients with ESCC.
Stratified analyses
Figures 2-4 show the results of survival analysis striated by staging. In the Stage IIA group (Fig. 4) , patients with ≥16 resected LNs had better survival curves (P < 0.01), which is similar to the results of unadjusted analysis. In the Stage IA group (Fig. 2) , however, no significant differences were recorded (P = 0.73). In the Stage IB group (Fig. 3) , the two curves (≤8 and 9-15) were identical. The line of multivariate analysis (Tables 3 and 4 showed that the number of resected nodes was an independent factor for predicting survival in patients with well-differentiated ESCC (P ≤ 0.01, RR = 0.9, 95% CI 0.9-1.0) and Stage IIA ESCC (P ≤ 0.01, RR = 0.9, 95% CI 0.9-1.0). Among the three categories, P = 0.73 (tested by the two-tailed log-rank test). Only 3 patients underwent resection of ≥16 LNs resected, which was a small number to achieve a precise conclusion. Among the three categories, P = 0.40 (tested by the two-tailed log-rank test). The other two curves (≤8 and 9-15) were coincident.
DISCUSSION
In this study, we established that a higher number of resected negative LNs is associated with a significant increase in the disease-specific survival of patients with node-negative ESCC. The removal of <8 nodes definitely understages oesophageal tumours and may influence the prognosis. The seventh edition of the AJCC staging system for oesophageal cancer adopted the number of metastatic LNs as one of the key prognostic indicators [7] and commented on the number of lymph nodes to be removed. Rizk et al. [8] used Worldwide Esophageal Cancer Collaboration (WECC) data to characterize the relationship between survival and lymphadenopathy, recommending the resection of 10 nodes for pT1 cancer, 20 for pT2 and ≥30 for pT3/T4. Many researchers have studied the association between the number of LNs and prognosis, and some have focused on a single minimum number for the optimum survival rate [9] [10] [11] , Omloo et al. [12] advocated the resection of >25 LNs and Greenstein et al. [13] suggested the resection of >18 LNs, while others attempted to figure out the minimum number according to the cancer characteristics. However, the optimal resection strategy for carcinoma of the oesophagus remains unclear. The difference in the characteristics of oesophageal cancer between Asian and Western populations is also worth considering [14] .
We focused on LN-negative ESCC patients, because negative LNs indicate an earlier stage and better prognosis. Because of the prognostic significance of node-negative ESCC, the relationship between the number of resected LNs and survival should be explored to decrease the rate of recurrence and transference among node-negative ESCC patients. Alexander et al. studied a total of 972 node-negative patients and found that a higher number of resected negative LNs was associated with improved CSS rates stratified by tumour status. Data from their study suggest that patients undergoing surgical resection for oesophageal cancer should have at least 18 LNs resected. Yang et al. [15] showed similar results and advocated that at least 18 LNs should be resected for the accurate staging of operable oesophageal carcinoma.
In our retrospective review of node-negative ESCC patients from a single institute in China, we included 666 ESCC patients who underwent surgery between January 1990 and December 2005. Patients with oesophageal adenocarcinoma or Stage T4 were excluded, and covariates, such as history of smoking and alcohol consumption, and surgical method were also involved in the multivariate analysis. The results of our study show that the number of resected LNs is an independent prognostic factor for ESCC.
The most likely explanation for the observed association between a higher number of resected negative LNs and improved survival is the possibility of resection of potential positive LNs. When the number of LNs resected during surgery increases, the possibility of missing a potential positive LN decreases, and patients with later-stage disease who are misclassified are likely Among the three categories, P < 0.01 (tested by the two-tailed log-rank test). The trend is similar to that observed in the overall survival curves. LNs: lymph nodes.
*
We included sex, age, smoking history, drinking history, family history, preoperative haemoglobin, vital capacity, the amount of bleeding and transition, the depth and length of infiltration, location of tumour, method of intersection, differentiation of tumour, pathological category, pathological stage and surgical method, and chose pathological stage and strata, by a forward conditional method to calculate. As a result, the number of resected lymph nodes was found to have a significant effect on the survival in Stage IIA. Bold type is used to emphasize the main discussed characteritic.
be diagnosed. As a consequence, poor survival is associated with the resection of fewer LNs. An alternative explanation for the current findings is that the resection of a higher number of LNs leads to better survival rates. It is also possible that all patients in the current study had pathologically negative LNs, but the former theory represents a more likely mechanism.
In the stratified analyses, we also found that a similar situation occurred in Stage IIA patients. When the number of LNs resected increased in patients with Stages IA and IB cancer, the survival rate did not increase by a significant extent. There were very few patients in Stage IA cancer in whom >16 LNs were resected in our study, making it difficult to arrive at a definite conclusion. Two curves (with ≤8 and 9-15 resected LNs) were identical for patients with Stage IB cancer. A probable explanation for this is that the likelihood of tumour cells transferring to regional LNs was relatively low among patients with Stages IA and IB cancer. When >16 LNs were resected in patients with Stage IIA cancer, a greater number of tumour-related tissues were also resected, decreasing the risk of residual malignancy. Another explanation is that a minimum of 16 resected LNs may be sufficient to eliminate all potentially involved LNs.
Our study has certain limitations. We deliberately limited the analysis to patients who underwent primary surgical resection in order to isolate the effects of the surgical method, and patients who underwent preoperative therapy were excluded. The number of resected LNs may have been affected by underreporting of the extent of lymphadenectomy, because pathologists may not have examined all LNs from specimens resected en bloc. Another important limitation is that we could not affirm whether patients were node-negative or -positive until histopathological examination was completed. In addition, very few Stage IA patients were included for suitable objectivity, and further studies need to focus on this aspect.
In conclusion, the number of resected LNs is an independent prognostic factor for the survival of patients with node-negative ESCC. We recommend 16 as the minimum number of LNs that should be resected for accurate staging of operable oesophageal carcinoma. If all of these nodes are identified, our ability to make a reliable prognosis may be significantly improved. LNs: lymph nodes.
We included sex, age, smoking history, drinking history, family history, preoperative haemoglobin, vital capacity, the amount of bleeding and transition, the depth and length of infiltration, location of tumour, method of intersection, differentiation of tumour, pathological category, pathological stage and operation method, and chose differentiation of tumour and strata, by a forward conditional method to calculate. Therefore, the number of resected lymph nodes was found to have a significant effect on survival of patients with ESCC and its differentiation. Bold type is used to emphasize the main discussed characteritic.
